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INTRODUCTION
Recently, because of high reliability, high efficiency and improvement of the torque density, surface permanent magnet motors (SPM) are used in industrial applications.
However, cogging torque problem is one of the main type of motors. The interaction of the stator teeth with magnets produced cogging torque that causes the increasing the noise, vibration and ultimately reduces efficiency of SPM motor.
The stator slots shape and permanent magnet pole configuration in SPM motors is the main cause of cogging torque production. Many torque in SPM motors. Some of these techniques are to modify the permanent magnet poles configuration [8] - [11] and some of the other methods are to modify the shape of stator teeth [13] .
Surface permanent magnet motor with four poles, due to reduced consumption of copper and easy manufacturing process, now widely used in air conditioning compresso techniques, such as genetic algorithm [15] , [16] , rosenbrocks method [18] , [19] and [17] is used for improvement of cogging torque in SPM motors. But, the Taguchi method has been proven useful in applied science especially in engi
The Taguchi method does not require using additional programming element method analysis (FEM). Hence, effects of be investigated in this method [20] .
SURFACE PM MOTOR
Surface-mounted permanent magnet (SPM) motors are widely used in industry. problem in SPM motors is the cogging torque and it affects the performance, produces noise and results in mechanical vibration, therefore torque in SPM motors.
In this paper, the 2D view of SPM motor shown in Figure1 and the main parameters are shown in Table1. This kind of stator and rotor configuration force or flux density under the PM rotor and rotor, which will increase the ripple and noise torque) with variations in stator and PM shapes has analysis (FEM), in this paper. Recently, because of high reliability, high efficiency and improvement of the torque density, surface permanent magnet motors (SPM) are used in industrial applications. [1] - [4] .
However, cogging torque problem is one of the main restrictions in usage development in this The interaction of the stator teeth with magnets produced cogging torque that causes the increasing the noise, vibration and ultimately reduces efficiency of SPM motor. permanent magnet pole configuration in SPM motors is the main cause Many methods have been proposed to reduction of Some of these techniques are to modify the permanent magnet poles some of the other methods are to modify the shape of stator teeth
Surface permanent magnet motor with four poles, due to reduced consumption of copper and easy manufacturing process, now widely used in air conditioning compressors [5] . Some optimization techniques, such as genetic algorithm [15] , [16] , rosenbrocks method [18] , [19] and [17] is used for improvement of cogging torque in SPM motors. But, the Taguchi method has been proven useful in applied science especially in engineering process to improve best quality.
does not require using additional programming algorithms aside from finite ). Hence, effects of many factors on cogging torque [20] .
OTOR MODEL
mounted permanent magnet (SPM) motors are widely used in industry. An important cogging torque and it affects the performance, produces noise and therefore it is necessary and important to reduction of of SPM motor shown in Figure1 and the main parameters are shown in and rotor configuration cannot produce symmetrical magnetomotive PM rotor poles, and harmonics exist in the air gap between stator , which will increase the ripple and noise in torque. Calculation of The torque (cogging stator and PM shapes has been computed using finite element Recently, because of high reliability, high efficiency and improvement of the torque density, restrictions in usage development in this The interaction of the stator teeth with magnets produced cogging torque that causes the increasing the noise, vibration and ultimately reduces efficiency of SPM motor. permanent magnet pole configuration in SPM motors is the main cause tion of a cogging Some of these techniques are to modify the permanent magnet poles some of the other methods are to modify the shape of stator teeth [12] , Surface permanent magnet motor with four poles, due to reduced consumption of copper and easy Some optimization techniques, such as genetic algorithm [15] , [16] , rosenbrocks method [18] , [19] and [17] 
DESIGN OF EXPERIMENT
Experimental design or design of experiments (DOE) is the design of any information where variation is present, whether under the full control or not. DOE often used in evaluating applied physic, engineering and material science.
The Taguchi method extremely reduced the number of experiments by using orthogonal array tables. This array is selected the special features among the total number of experiments [6] , [7] .
In this paper, the design factors and their respective levels are given in Table2.
Where, A is the ratio of PM Pole arc to pole pitch B is the distance from motor centre used as the centre of circle for PM (mm) C is the slot opening height (mm) D is the slot opening width (mm) E is the air gap length (mm) 
ANALYSIS OF SIMULATION RESULTS
After obtaining all the simulation results from the matrix experiment and, ANOM (analysis of means) and ANOVA (analysis of variance) are carried out to estimation of the four design parameters and determination of the relative importance of each design variable [21] . The means of all simulation results can be calculated by Equation1. 
Average Effect
The average torque of variable A at level 3 is calculated by Equation2. (2) As shown in table3, the factor A is set to in experiments 9, 10, 11, 12 at level 3. Similar way can be used for computing of Average torque of all variables. 
Analysis Of Variance (ANOVA)
To conduct Analysis Of Variance is calculated the sum of squares. It is measure of the deviation of simulation data from the mean value of the data. The sum of squares (SSF A ) due to various factors can be calculated as: It can be seen that average torque increases from the initial design of 3.8276 Nm to Taguchi parameter design of 4.1118 Nm, and to simulation result of 4.10 Nm. The cogging torque value decreases from 0.7315 Nm to 0.6390 Nm in Taguchi parameter design, and to 0.6400 Nm in simulation result. 
CONCLUSION
The Taguchi method applied to design optimization of SPM motor for the reduction of cogging torque value. The peak to peak value of cogging torque decreases before and after optimization by Taguchi method.
The peak to peak value of cogging torque decreases from 0.7315 Nm to 0.6390 Nm in Taguchi parameter design, and to 0.6400 Nm in simulation result.
Proposed method for solving this problem is significantly reduced the peak to peak value of cogging torque of SPM motor.
